Objective: To develop a nomogram to predict the probability of live birth on the basis of the association of patient characteristics in subfertile individuals or couples. Methods: A retrospective study was conducted from January 2014 to December 2015. A nomogram was built from a training cohort and tested on an independent validation cohort. A total of 2,257 patients who had undergone their first nondonor cycle of in vitro fertilization (IVF) (including intracytoplasmic sperm injection) were randomly split 2:1 into training (n = 1,527) and validation (n = 730) cohorts. Results: There were no statistically significant differences in the patients' baseline and cycle characteristics between the training and validation cohorts. On multiple logistic regression analysis, female age, antral follicle count, tubal factor, anovulation, ethnicity, unexplained fertility, and male factor were significantly associated with live birth. The nomogram had a C-index of 0.700 (95% confidence interval [CI ]: 0.698-0.701) in the training cohort and 0.684 (95% CI: 0.681-0.687) in the validation cohort. Conclusions: Our nomogram can predict the probability of live birth for infertile women and can be used to guide clinicians and couples to decide on an IVF treatment option. 
introduction
Infertility is a major issue for couples of childbearing age all over the world that can lead to distress, as well as discrimination and ostracism. [1, 2] The World Health Organization and the American Society for Reproductive Medicine have defined infertility as a disease. [3, 4] A significant proportion of individuals or couples who experience infertility may be subjected to social stigmatization, [5] psychological distress, [6] and economic restrictions. [7] Infertility affects approximately 15%-20% of reproductive couples in the world. [8] [9] [10] In 2010, a systematic review that analyzed household survey data from 277 demographic and reproductive health surveys of 190 countries and territories and reported that among women of reproductive age (20-44 years) , approximately 1.9% were unable to have a live birth (primary infertility) and 10.5% were unable to have another child (secondary infertility). [11] In vitro fertilization (IVF) is now widely used for the treatment of infertility. However, IVF cannot guarantee success, as nearly 57% of couples that start IVF will remain childless, even after undergoing up to six complete IVF cycles. [12] Therefore, the probability of successful live birth with IVF treatment is an important factor to consider for infertile/subfertitle couples and clinicians when making decisions regarding when a patient should consider abandoning IVF, as the ratio of successful live birth probability and cost-effectiveness is very low. The difficulty in utilizing a predictive model is that it generally requires computer software for calculations, which may render the model impractical. Alternatively, the treatment outcome prediction could be calculated by applying a simple graphic calculation tool called nomogram, which embodies predictors derived from regression modeling and attempts to combine proven prognostic factors to improve prediction accuracy rather than the use of individual risk factors or physician experience. [13] The attractive properties of a nomogram are that it can be printed, can be employed as an educational tool, and can be easily applied for personalized clinical decision-making without the requirement of computer software.
In this study, we present a nomogram able to predict the probability of live birth for women who plan to receive IVF/intracytoplasmic sperm injection (ICSI) treatment. The aim is to help patients make difficult decisions based on their probability for success and thus accept the assisted reproductive treatment, remain childless, or seek adoption.
MethodS

Study design and patients
A retrospective cohort study was conducted. Patients who underwent IVF/ICSI from January 2014 to December 2015 were identified, and 2,257 women at the First Affiliated Hospital of Xinjiang Medical University (Xinjiang, China) were enrolled (patients were excluded if they had receive IVF treatment in other institutions). The study was approved by the Ethics Committee of the First Affiliated Hospital of Xinjiang Medical University (K201903-01), and all participants provided signed informed consent before enrolment in the study.
Inclusion and exclusion criteria
The inclusion criteria were: (1) women with ≥1-year history of infertility; (2) women who had undergone their first cycle of IVF or ICSI; and (3) women with a retrieved number of oocytes >0. The exclusion criteria were: (1) women in whom the IVF/ICSI cycle was canceled before oocyte retrieval; (2) women aged >45 years; and (3) women or partner with abnormal chromosome karyotype excluding chromosome polymorphism. 
Data collection
Primary outcome
The primary outcome for the nomogram was live birth, defined as any birth event in which at least one baby was born alive and survived for more than 1 month. This definition is consistent with previous studies. [14, 15] Patients underwent pregnancy tests after 28 days of embryo transfer, and confirmed pregnant women were followed up by a nurse for successful delivery.
Statistical methods
Statistical analyses were performed using R version 3.3.1 for Windows (http://www.r-project.org/). The mean (standard deviation) for continuous variables and frequency (percentage) for categorical variables were used to summarize the characteristics of the participants. Categorical variables were compared using the Chi-square test or Fisher's exact test. Continuous variables were compared using the t-test or Mann-Whitney U-test depending on data distribution. Logistic regression analysis was used for establishing a predictive model by means of univariate and multivariate analyses. Figure 1 shows the study flow. In order to avoid overfitting of data, the entire dataset was randomly split 2:1 into two parts: two-thirds of the dataset was used as a training set (66.7%, n = 1,527) and one-third of the dataset was defined as the validation (33.3%, n = 730) dataset (seed number: 25,070,416). The study was performed according to previously published guidelines. [16] A multivariable model was then constructed in the training cohort. The final regression model was chosen on the basis of the clinical and statistical significance of the predictors, although statistical significance played an important role. [17] The predictive model was validated using the validation cohort. The concordance index (C-index), which is the nonparametric area under the receiver operating curve and is a measure of the ability of the nomogram to discriminate patients with different outcomes, was used to evaluate the performance of the nomogram. Possible values of the C-index ranged from 0.5 (random predictions) to 1.0 (perfect prediction). The C-index was also calculated for an internal independent validation dataset. The calibration of the nomogram, which measures the distance of predictions from observed outcomes, was assessed using a calibration plot by plotting the predicted probability of the nomogram; bootstrapping was used for bias correction.
Model building and validation
A nomogram was formulated on the basis of the results of multivariate analysis by applying the rms package in R version 3.3.1 (http://www.r-project.org/). A final regression model was selected according to both the clinical and statistical significance of the predictors and was then organized as a nomogram designed to calculate patient-specific probabilities of cumulative pregnancy. Values for each of the model covariates were mapped to points on a scale ranging from 0 to 100, with the total points obtained for each covariate mapped to the probability of live birth. A two-tailed P < 0.05 was considered statistically significant.
reSultS
Overall, 2,257 patients who had undergone their first nondonor cycle of IVF (including ICSI) at the First Affiliated Hospital of Xinjiang Medical University from January 2014 to December 2015 were included in this study.
Baseline and cycle characteristics of training and validation cohorts
Patient baseline and cycle characteristics in the training and validation cohorts are summarized in Tables 1 and 2 . There were no statistically significant differences in the patients' baseline or cycle characteristics between the two cohorts. The live birth rate of the training and validation cohort was 49.12% (750/1,527) and 48.08% (351/730), respectively.
Univariate and multivariate analyses
The univariate and multivariable analyses for predicting a live birth are shown in Table 3 . At univariable analysis, female age, AFC, tubal factor, ovarian dysfunction, ethnicity, unexplained infertility, and male factors were associated with the live birth rate. After multiple logistic regression analysis, female age (odds ratio 
Nomogram development and internal validation
A nomogram was built, accounting for both statistical and clinical significance [ Figure 2] . The nomogram had a C-index of 0.700 (95% CI: 0.698-0.701) in the training cohort, which indicated good performance. The final nomogram was validated in a validation dataset. The validation cohort had a slightly lower C-index 0.684 (95% CI: 0.681-0.687). 
Figure 2:
Nomogram to predict live birth rate after in vitro fertilization. The nomogram simplifies output calculations from a set of input variable values and makes the relative contribution of each factor to the overall score intuitively obvious. A vertical line is drawn from each input variable to the first scale (individual score) and the sum of these outputs is used to calculate the probability of live birth from the lower scale (total score).
The age of the woman is a significant factor in determining the probability of delivering a child after assisted reproduction. Natural aging limits fertility in the general population and in patients who seek treatment. [19] Female age is the most significant factor influencing the probability of live birth. The nomogram, formulated by multiple logistic regression analysis, demonstrates that the probability of live birth decreased with increased age, which is in line with previous studies. [15, [20] [21] [22] [23] There is evidence that IVF helps overcome infertility in women aged 39 years old or younger, but women over 40 years of age should be informed that IVF/ICSI does not help completely overcome the age-dependent decrease in fertility. [20, 23] Apart from chronological age, ovarian age, referred to as the ovarian reserve, may improve the prediction of the live birth rate. Estimation of ovarian reserve includes basal FSH, anti-Müllerian hormone levels, and sonographic estimates of ovarian volume or the number of antral follicles, defined as the AFC. [24] The AFC is recognized as a biomarker of ovarian response and has the highest predictive value [25] [26] [27] and is associated with live births independent of age. [28, 29] Our results are in agreement with those of previous studies, indicating that the AFC is strongly associated with live birth. [28, 30] We observed a nonsignificant inverse U-shaped relationship between BMI and live births, indicating that both high BMI and low BMI may have detrimental effects on live birth. We failed to demonstrate a statistically significant association between the BMI and the live birth rate due to the small sample size, but several studies have confirmed the above association. A possible explanation for this observation may be that the female reproductive system is sensitive to energy imbalances. A low BMI may indicate low energy intake and findings from animal studies, suggesting that inadequate energy intake influences gonadotropins concentrations, follicle growth, and oocyte quality. This finding was also observed in a human study, which showed an inverted U-shaped association between the number of embryos and the BMI. [31] Obese women have a higher risk of adverse health outcomes (including early pregnancy loss, fetal death, stillbirth, neonatal death, congenital anomalies, and pregnancy complications). A systematic review concluded that obese women had a lower probability of pregnancy following IVF, required higher dosage Calibration curves for the training and validation cohort suggested excellent model calibration, with optimal agreement between the prediction by the proposed nomogram and actual observation [ Figures 3 and 4 ].
diScuSSion
Our study showed that a nomogram could be applied in decision-analytic modeling for infertile couples. The nomogram predicts the outcome probability of the decision analysis recommendation based on individual baseline factors (age, AFC, etiology of infertility, ethnicity, and BMI). For IVF/ICSI treatment, prognosis is an important consideration when patients plan to start treatment. An individualized probability of success is a key indicator for patients in the decision-making process. A precise prediction of treatment outcome could help both physicians and patients make optimal decisions.
The illustrative nature of the nomogram allows for an intuitive understanding of how different predictors may contribute to risk. The advantage of a nomogram is that it allows a more transparent observation of the associations between baseline predictors of the patient and the predicted outcome of the model. [18] The regression coefficients were converted to a 100-point scale on producing the nomogram. The linear predictor was then mapped to the predicted probability axis. To illustrate how this nomogram could be used to aid in decision-making, we may consider two hypothetical patients: patient 1 is 30 years old, Han, has an AFC of 14, presents tubal factors, and a BMI of 23 kg/m 2 ; patient 2 is 40 years old, Uyghurs, has an AFC of 6, presents ovarian dysfunction, and a BMI of 32 kg/m 2 . Using the nomogram [ Supplementary Figures 1 and 2] , the sum of the points of the first patient: 0 + 9 + 25 + 27 + 34 + 42 + 43 + 58 + 59, was 297, which mapped to a probability of live birth of 66%. For the second patient, the points 0 + 0 + 4 + 19 + 27 + 29 + 33 + 34 + 58 totaled 204, which mapped to a probability of live birth of 15%. The lower predicted live birth probability for the patient might deter the clinician from recommending or the patient from undergoing IVF treatment. of gonadotropins, had a lower rate of live births and a higher rate of miscarriage. [32] Our results show statistically significant ethnic disparity in IVF outcomes. Ethnic differences in IVF outcomes may be attributed to several factors, such as genetic, environmental, lifestyle, dietary structure, and socioeconomic status. Several reasons could explain why Uyghurs have the lowest live birth rate: they have higher BMI levels probably owing to excessive consumption of red meat and mutton tallow. Cross-sectional studies suggested that Uyghurs and other minorities lack reproductive medical knowledge due to the poor health and medical conditions in undeveloped rural spots, as well as reported a younger age of first sexual intercourse -the lowest age stated by survey results was only 13 years old. [33, 34] Reproductive system infections could be caused by repeated induced abortions resulting from unprotected sexual behavior. Crude cottonseed oil, which could lead to infertility, was directly used as cooking oil in some areas because of dietary habits. [33, 34] Validation of the nomogram is essential to avoid overfitting of the model and to determine generalizability. The large sample size in this cohort guaranteed its representativeness and generalizability for infertility patients. In the current study, calibration plots showed optimal agreement between prediction and actual observation, which guaranteed the repeatability and reliability of the developed nomogram. The C-index of our developed nomogram indicated good performance for predicting the probability of live birth. The nomogram derived from a logistic regression model was much simpler for the end user. Both clinicians and patients could perform an individualized survival prediction through this easy-to-use scoring system. In addition, this tool could provide information for patient stratification in the design of clinical studies, gaining better equivalence between study arms. Still, our nomogram is limited by the retrospective nature of data collection, the failure to incorporate some recognized prognostic parameters (e.g., smoking and alcohol consumption), and the fact that all participants were from a single institution. Further efforts on prospective data collection and patient follow-up, wider geographic recruitment, and incorporation of some other factors are encouraged to improve this model. Despite its limitations, this study provides clinicians and patients with a clinically meaningful predictive tool that can aid in decision-making.
In conclusions, this study proposes a nomogram that could predict the probability of a live birth for an infertile woman undergoing her first IVF/ICSI nondonor cycle. Although further studies are required, including validation in other populations, this nomogram can become a valuable tool in estimating the probability of individual live birth and could help clinicians and couples decide on an IVF treatment option. In this study, we offered evidence that the nomogram can be successfully used for IVF/ICSI treatment outcome prediction in women with infertility.
Supplementary information is linked to the online version of the paper on the Reproductive and Developmental Medicine website.
